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Lectures

Lecture: Monday 14:00 – 15:45 (8.2.04)

Work sessions: (now Mon 16-18)
I want you to present short exercises in this sessions (15min each each session)

Those will be evaluated and contribute to 8/20 in the final mark

I propose to do the sessions in teleconference in a different time slot

(suggestions: Wednesday 14-16; Friday 10-12?) Think about this





What is your background

Present your selfes: what do you want from this course?

Refer what courses you did in: Fluid Mechanics, Thermodynamics, 
Meteorology, Oceanography

What contact did you have with the following concepts:

(a) Navier-Stokes equation

(b) Turbulence

(c) Dispersion

(d) Boundary Layer





A camada limite responde à superfície em Δ𝑡 ≈ 1ℎ



Vento médio, ondas, turbulência



Hipótese de Taylor

𝜕𝜃

𝜕𝑡
= − Ԧ𝑣. ∇𝜃(+𝑓𝑜𝑛𝑡𝑒𝑠 )



Ciclo diurno da CLP sobre terra em anticiclone



Perfis observados (médios, diurnos)



Day time 



Night



The equations (simplest case: 10 eq, 10 unknowns, continuum)

𝜕 Ԧ𝑣

𝜕𝑡
= − Ԧ𝑣. 𝛻 Ԧ𝑣 −

1

𝜌
𝛻𝑃 + Ԧ𝑔 − 2Ω × Ԧ𝑣 + 𝜈𝛻2 Ԧ𝑣

𝜕𝜃

𝜕𝑡
= − Ԧ𝑣. 𝛻𝜃 + ሶ𝑄𝑟𝑎𝑑 + ሶ𝑄𝑙𝑎𝑡 + 𝜅𝛻2𝜃

𝜕𝜌

𝜕𝑡
= −𝛻. 𝜌 Ԧ𝑣 = − Ԧ𝑣. 𝛻𝜌 − 𝜌𝛻. Ԧ𝑣

𝜕𝑞𝑣,𝑙,𝑠,…
𝜕𝑡

= −v. 𝛻𝑞𝑣,𝑙,𝑠,… + 𝐺𝑞𝑣,𝑙,𝑠,… + 𝜅𝐷𝛻
2𝑞𝑣,𝑙,𝑠,…

𝑝 = 𝑅𝑑𝜌𝑇 1 + 0.61 𝑞𝑣

𝜃 = 𝑇
𝑃

𝑃00

−
𝑅𝑑
𝑐𝑝

Navier-Stokes

Termodinâmica

Continuidade

Fases da água

Eq de Estado

Temp. potencial



𝜕 Ԧ𝑣

𝜕𝑡
= − Ԧ𝑣. 𝛻 Ԧ𝑣 −

1

𝜌
𝛻𝑃 + Ԧ𝑔 − 2Ω × Ԧ𝑣 + 𝜈𝛻2 Ԧ𝑣

Surface interactions act through the lower boundary condition.

Only second order term: 𝜈𝛻2 Ԧ𝑣 (this will impose the no-slip)

No-slip (𝑢, 𝑣 ≡ 0, 𝑒𝑚 𝑧 = 𝑧0): due to viscosity 𝜈.

Viscosity is relevant for BIG 𝛻2 Ԧ𝑣 (𝜈 is very small): z<1 mm! Laminar 
(viscous) sublayer.

However the PBL is also produced by other processes, namely by 
turbulent (not viscous) transport at the lower boundary.


